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^»h^g  is  the  el^th  progress  report  (corering  the  period  from  May  10, 
1955  to  Jone  9,  1955)  on  "Design  and  DeTelopraent  of  Optimum  Sabot  Anmunition 
for  Artillery  Weapons”,  prepared  by  the  Mechanics  Research  Department, 
American  Machine  & Foundry  Conpany  for  Picatinny  Arsenal,  Dover,  New  Jersey. 

The  AHF  personnel  sho  have  contributed  materially  to  this  project 
includes  A.  Karbin,  V.  Milenkovic  and  P.  Rosenberg.  A breakdown  of  the 
number  of  man-hours  eacpended  is  as  follows  s 

Engineering  17U  hours 

Drafting  l65  hotars 

339  hours 

Respectfully  submitted, 

AMERICAN  MACHINE  & FOUNDRY  COMPANI 

MECHANICS  RESEARCH  DEPARTMENT 

l/  J/U 

7.  Milenkovic 

Research  Engineer 
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I.  IHTRODTOTIPH 

Sabot  projectiles  used  in  conventiornl  guns  offer  a number  of  adTsntages 

over  the  standard  full-caliber  projectiles: 

Jl.  Hi^er  probability  of  first-round  hit,  due  to  higher  velocity  and 

consequent  shorter  time  of  flight . 

B,  Possibililgr  of  greater  armor  penetration  due  to  hi^  striking 
velocity,  i.e.  to  the  kinetic  energy  concentrated  in  a smaller 
projectile  area. 

C.  Interchangeability  with  standard  rounds  without  alteration  to 
the  gun. 

The  objective  of  this  contract  is  to  develop  the  procedure  leading  to 
the  design  of  Sabot  Imanmition  of  optimum  performance,  to  be  used  in  various 
conrontional  guns  in  the  7Sim  to  280fflm  caliber  range.  The  actual  design 
will  be  caxTx^d  out  for  ibe  90mm  T-119  gun,  but  the  procedure  shall  be  appli- 
cable to  the  other  guns  mentioned. 
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Ihe  TQj-’to-date  design^  AMF  Mo.  1027°31s  of  the  po/^kxm  H7AFBS  projectile 
and  sabot  asseoibly  is  shorn  in  Figure  1.  This  is  the  design  planned  for 
manufacture  of  projectiles  to  be  used  in  full  scale  firing  tests.  Detailing 
of  parts  is  in  progress.  According  to  the  decisions  reached  at  the  meeting 
of  June  7 at  the  Picatinny  Arsenal  (see  Appendix  l)s  this  design  will  be 
carried  out  to  the  final  test  stages  if  approved  by  the  Arsenals  and  if  the 
critical  conponents  pass  the  static  pressure  test. 

Projectile  and  Sabot  Assembly.  Ihe  WC  panetrator  (A)s  Figure  1,  is 
brazed  to  the  steel  tail  (B).  The  steel  sleeve  (C)  and  the  aluminum  sleeve 
(D)  are  screwed  ons  thereby  the  slotted  spacer  ring  (G)  is  also  held  in 
place.  Da  addition,  sleeve  (D)  may  be  cemented  tc  the  carbide  (A).  Cementing 
the  aluminum  windshield  tip  (E)  and  screwing  in  the  dumny  tracer  (F)  completes 
the  projectile  assembly. 

The  lylon  rotating  band  (N)  is  held  on  the  aluminum  driving  cvp  (K)  by 
threads.  The  magnesium  front  svpport  tube  (L)  has  a steel  band  (M)  pressed 
on,  which  runs  against  the  gun  bore.  The  projectile  is  firmly  locked  in 
the  carrier  when  the  tube  (L)  is  screwed  into  the  cup  (K),  with  the  release 
ring  (H)  captured  between  the  tube  (L)  and  the  projectile  tail.  The  tail 
is  seated  in  (K)  at  the-  conical  surface.  A seal  ring  (J)  may  be  used  to 
provide  sealing  until  setback  force  produces  a ti^t  contact  between  (B) 
and  (K).  A rubber  obturator  (O)  provides  sealing  at  the  gun  bore. 
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Operation.  Daring  acceleration  in  the  gnn^  the  tearl  at  the  conical 
surface  of  the  tail  will  bite  into  the  ex?)  (K)«  Setback  of  Idle  projectile 
will  produce  a clearance  at  the  release  ring  (H)s  which  due  to  both  setback 
and  centrifugal  force  will  open  vp  and  clear  the  projectile.  Sleeve  (C) 
provides  a Shoulder  to  make  the  spacer  ring  (G)  move  out  of  the  tube  (L)* 
when  the  projectile  starts  separating  from  the  carrier.  Once  it  is  unre- 
strained by  the  tube,  ring  (Q)  can  break  up  due  to  centrifugal  force. 

Calculation  of  Weights  and  Moments.  Figure  2 shows  a breakdown  of 
the  No.  1027-31  projectile  into  siapler  conponents,  in  order  to  calculate 
weight,  center  of  gravity,  axial  and  transverse  moments  of  inertia,  all 
leading  to  the  evaluation  of  the  stability  factor.  The  complete  calcula- 
tion is  shown  in  Appendix  B.  Formulae  tpplicable  to  some  basic  types  of 
projectiles,  d«vel<^ed  in  R^ort  No.  If,  served  only  as  a guide  in  this 
projectile  design.  Dae  to  the  variety  of  shapes  and  materials  used,  each 
of  the  intermediate  steps  idiich  lead  to  the  present  design  required  a de- 
tailed calculation  by  methods  shown  in  Appendix  B. 

The  wei^t  of  the  projectile  is  9.28  lbs.,  of  which  "penetration 
waste"  (parts  C,  D,  E,  Figure  1)  weigh  0.60  lbs.  (6.5^)*  "Ebe  carbide 
penetrator  is  6.97  lbs.,  but  1.71  lbs.  in  back  of  the  penetrator  (B  and 
F)  are  assumed  to  contribute  to  penetration.  The  stability  factor  is  1.50. 

Only  sli^tly  more  than  half  (575^)  of  the  axial  moment  of  inertia  of 
the  projectile  is  due  to  the  carbide  | stability  depends  to  a large  extent 
on  steel  parts  of  the  projectile. 
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Details.  Figure  3 shows  the  revised  design  ©f  the  carbide  penetrator. 
It  a shorter  and  stubbier  nose  sh^e  than  the  previous  design  (Figure 
i^a).  It  was  found  that  the  change  in  the  penetrator  nose  has  no  effect  on 
stability^  so  that  it  is  not  necessary  or  desirable  to  add  wei^t  to  the 
windshield  tip,  as  previously  planned.  Figures  Us,  d,  and  e show  some 
detail  drawings,  partially  eonqpleted.  Design  and  detailing  of  other  com- 
ponent parts  is  in  progress, 

Evdraulic  test  flocture.  Details  of  the  pressure  vessel  coaponents 
(Assembly  of  Figure  3j  Report  No.  7)  are  shown  here  in  Figure  on  idiich 
preliminary  bids  from  manufacturers  have  been  obtained.  These  details  have 
been  siperseded  by  the  new  design  (Figure  7),  since  it  was  decided  to  modifly 
the  length  of  the  chamber,  for  reasons  explained  in  ^pendlx  A.  Figure  6 
shows  the  detail  of  the  exterior  loading  frame. 

The  high  pressure  (ip  to  ^0,000  psi)  in  the  vessel  will  be  produced 
by  an  external  load  applied  to  a piston,  which  will  act  as  a booster. 
^Tdraulic  equipment  to  produce  the  external  load  is  available.  Design 
work  on  the  pressure  vessel  components  and  on  the  parts  to  be  tested  is 

in  progress. 
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TTT.  FUTURE  ELAMS 


CoB5>letion  of  design,  detailing,  and  manufacture  of  the  static  test 


fixture. 


CoH?>letion  cf  design  and  detailing  of  the  90/$kmi  pro;jectile  with 


sabot. 


Static  testing  of  critical  components  of  the  sabot. 
Manufacture  of  about  20  projectiles  for  firing  tests. 
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Report  of  Meeting,  Jime  7»  1955> 
at  Picatinny  Ar serial,  Dover,  Hew  Jersey 

Attending?  S.  Jacobson  Picatinny  Arsenal 

P.  Rosenberg  American  Machine  & Foundry  Co. 

V.  Milenkovic  w w « 

The  purpose  of  the  meeting  was  to  discuss  the  status  of  the  project 
and  to  plan  future  work. 

To  review  briefly  the  objectives  of  the  work  done  to  dates 

1.  An  analytical  scheme  for  optimizing  the  design  of  spin  stabilized 
HVAPDS  has  been  presented. 

2.  Based  upon  this  scheme,  a design  has  been  evolved  for  the  90mm 
T119  gun  - the  90/5l4mm  HVAPDS,  AMF  No.  1027-31» 

3.  It  has  been  recommended  by  AMF  that  static  tests  be  made  of  the 
rear  coaponents,  and  that  a subsequent  firing  program  be  performed 
to  demonstrate  the  suitability  of  the  theoretical  approach.  This 

would  be  done, 

a.  by  predicting  the  ballistic  limits  on  the  basis  of  scale 
model  tests  currently  being  conducted  at  W.A.L.,  and  com- 
paring with  test  results  of  full  scale  firings j 

b.  by  conparing  the  performance  of  the  test  item  with  that  of 

projectiles  ahich  resulted  from  a long  period  of 

development . 
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It  is  not  necessary  that  the  performance  of  the  AMP  projectile  be 
better  than  any  of  the  presently  used  projectiles!  it  is  only  necessary 
to  show  that  the  performance  is  nearly  coii?)arablOs  for  the  following 

reasons : 

The  number  of  possible  variables  in  projectile  design  being  quite  large, 
the  theoretical  work  has  not  exhausted  all  possibilities  in  HVAPDS 
projectiles.  Theoretical  advantages  of  one  design  over  another 
among  the  types  analyzed  were  found  to  be  marginal.  The  order  of 
magnitude  of  factors  not  accounted  for  in  this  theory  (factors 
which  can  be  evaluated  only  by  actual  test)  is  such  that  no  claim 
can  be  made  that  tte  present  AMF  design  is  si^erior  to  other  HVAPDS 
designs,  m particular,  this  design  is  not  claimed  to  be  conqjetitive 
vith  other  types  of  armor  piercing  projectiles,  such  as  fin  stabilized 
arrow  projectiles  fired  from  smooth  bore  guns. 

The  .erlt  of  the  theoretical  approach  lies  in  helping  to  eatabliah  a baaic 
projectile  to  ehich  marginal  improvementa  can  then  be  made. 

Ck)nclTisionSi 

1.  It  haa  been  agreed  to  proceed  »lth  the  preaent  deaign  (MB  Bo.  1027-31) 
and  opon  ^proral  of  the  Iraenal  to  mannfactnre  a aufficient  number 
of  projectilea  for  firing  teata  (for  perfoimanoe  in  flight  aa  well 
aa  for  armor  penetration).  Theae  teats  will  serve  to  prove  or  dis- 
prove the  underlying  theory,  as  well  as  to  contribute  to  the 
empirical  knowledge  about  the  performance  of  vurioue  types  of  armor 
piercing  projectiles. 
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2.  Exterior  performance  of  the  projectile  is  considered  to  be  the  main 
objective  of  a firing  testo  Therefore,  it  is  essential  that  the 
sabot  carrier  should  not  fail  inside  the  gun.  To  minimize  the  risk 
of  launching  failure  of  a projectile  which  otherwise  may  have  been 
successful,  the  planned  static  pressure  test  of  critical  coiq>onents 
of  the  carrier  should  be  conpleted.  This  static  test  will  duplicate 
the  forces  acting  In  the  gun  as  closely  as  possible.  The  difference 
in  loading  rate  between  the  static  test  and  actual  firing  will  make 
the  static  test  conservative.  Such  a test  is  considered  more 
economical  than  a separate  phase  of  firing  to  determine  the  strength 
of  the  carrier.  It  has  been  agreed  to  make  the  cavi+y  in  the 
hydraulic  teat  fixture  longer  than  previously  planned,  so  that  the 
Arsenal  can  make  use  of  the  fixture  for  other  tests  in  the  future. 

3.  No  work  on  high  explosive  discarding  sabots  (REDS)  shall  be  performed 
under  the  project. 

U.  Funds  which  will  be  left  over  after  the  con?)letion  of  the  90/$kmi 
HVAPDS  program  shall  be  used  in  an  analysis  of  long  spinning  pro- 
jectiles, shape  stabilized  (conical  tail). 
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Weights  and  Moments.  Bie  AMF  No.  1027»31  projeetile  is  b2?oken  down 
into  several  cylindrical  or  conical  segments  as  shown  in  Figure  2. 

For  a hollow  cylinder  of  outsider  radius  Rj,  inside  radius  r,  and 
height  hs 

Volume?  h(R2  ~ r^)'7j' 

* o X 2 2 

AtH  ai  radius  of  gyration?  r^  ■ *5  (R  + r ) 

Transverse  radius  of  gyration  about  centroidal  plane?  r^^  « hVl2 
moment  of  inertia?  A - “ weight) 

Transverse  moment  of  inertia  about  a point  at  distance  x from  the 

centroid?  3*^13^+  IgS  where  3^  ■ “ ^t  * ^ 

For  a truncated  cone  of  large  radius  R,  small  radius  r,  and  height  h? 

h r3  - r3  ^ 

Volume?  5 , y-  TT 


Location  of  centroid  from  large  ends 


h h 


(R  - r)(R‘^ 

rV.^ 


(for  full  cone? 


o 3 R^  - r^ 

V-Tcy  •jrni 


r^,2  is  between  ^ h^  (idien  R - r)  and  ^ h2  (idien  r - 0) 

eocactOy?  r^2  “ {j-  ^ (2  i-  g ^^[1 

* For  bodies  of  revolution,  the  polar  moment  (B)  about  the  main  centTOidal 
the  sum  of  half  the  polar  moment  about  the  axis  of  revolf 
XX,  and  the*  second  moment  (Ig)  ^ut  the  transverse  plane 
The  latter  is  the  sum  of  the  moment  about  a plane  tJrou^  an  individual 
centroid  0(Wrt2),  and  the  transfer  term  (¥!c2). 
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M3  (Sore  (.520  lb/ln3) 

1.  Qylinderg  R - .850"5  h - U.iaO” 

R^  - .7225  I - 3.187 

W - 3.187  • .520^  - 54212  Iba 
X *0  I M»l!s"0 

r^2  . 1 h2  . .3612  | ly.  - - 1.882  lb  ia^ 

. h^/12  - 1.620  | - .000 

r 2 . - 2 + x2  . 1.620  j I_  - ^^-2  - 8.U5 
g t ' g ® 

2.  Truncated  cones  R • .850"  ; r ■ .7iil"  j h ■ .827" 
Location  of  centroid  from  large  ends 

h _ h fH  - r)(R2  - r2)  . ^3j5„ 

2 U h3  - r3 

Tol»ei  I 4^  . .S2llS  '7< 

w - .52U5  • .5207/^  - .8^7  1^_8_ 

X ■ 2.600  j K - 2.228  in  lbs 

.2,X  4^  • I Ir  ■ -^73  lb 

R^  - r^ 

r^2  , h2/l2  - .057  J x2  - 6. 760 

rg2  » r^2  + ^2  - 6.817  } Ig  - 5.81t  lb  in^ 


AMERICAN  MAC 


NINE  A fOUMDRY  COMPANY 


steel  Tail  (o283  Ib/in^) 


5o  Hollow  cylinders  R - 1.110"  s r - .625"  j h - 1.970" 

r2  . lo2321  j r2  - .3906  } Vols  hCR^  = r^)  Tf  • 1.658  jf 

W - 1.658  " .283  TT  - 1-^77  ^ 

X - - 3.190  s M - - 3.190  = 1.U77  - 2-,U°711,.j£^_^ 

j.^2  , 1 (1^2  ^ j.2j  , 08II3  S ^ “ 1.198 

- 2%  correction  .036*  ■ 1.162  lb  in 

- hVl2  - .323  ? ^ • 10.177 
rg2  - rt^  + x2  - 10.50  j Ig  “ l5.5l  Ibjig 

6,  Hollow  cylinders  R ■ .625"  S x - .375"  S ^ "700 

r2  . ,3906  j r2  - .IU06  s h(R2  - r2)  - .175 
W - .175  * .283  7f  - "1^6  3b 

X - - 2,555  I M - - .398  in  1^ 

r^2  . ,2656  j Ix  - .OUl  lb  Igi 

- .OUl  S • 6.528  I rg2  - 6.569  } Ig  » 1*02  16  ^ 

Totals  W M ^ ^ ^ 

1,633  1b.  -5.109  in  lb»  1.203  lb  in^  ^6.58  ^ 


* TO  account  for  steps  «d  cb«nbers  (see  dotted  lines  in  Figure  2) 
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steel  Sleeve  (o283  Ib/in^) 

Hollew  cylinders  R - lo062"  s r - .977''  S h » 

r2  ■ 1.1278  I - o95h$  S b(R^  - r^)  • .2^5 
W - .255  “ .283  7f  - o227  lb8 
X - - 1.690  s M - 1.690  • .227  - - 

r 2 - 1.0I4I  s Ix  - .236  lb  ing 

r,.2  - .180  I x2  - 2.856  3 “ 3.036  3 — 

V 

Hollow  cylinders  R “ 1.05Us  ^ “ »950  s ^ 

r2  - 1.1109  3 r2  - .9025  I h(R2  - r2)  - .1825 
W - .1825  • .283  7f  - .162  lbs 
X - - .518  j M - - .08U  in  lbs 

. 1.007  3 Ix  • .163  lb  in^ 
r+2  - .06U  I - .268  ? rg2  - .332  j Ig  - ^05  1^ 


Totals 


.389  lbs 


,U68  in  lbs 


,399  lb  in^ 


,7k  lb  in^ 


Sleeve  (.0955  lb/in3) 

9.  Hollow  cylinders  R • .963"  J ^ • .850"  3 ^ “ 2.750 

r2  . .9275  J r'  - -7225  ! 1>(r2  - r^)  • .56U 

W . .5U6  • .0955  7/'  - .169  ll» 

. .U20  , H - .U20  • .169  - .071  to  Ibg. 
r^2  . I (r2  ♦ r2)  - .825  S I*  " 

rt2  - h2/12  - .630  i . .176  i rg2  - .806  s Ig  - -lU  16  A. 
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neglect  r^j  “ 2 

r 2 - x2  - 2^.8  j Ig  - .9$  lb  ^ 

O 

Treeer 

u.  M . .082  lb.  I I-  - 2.680  , M ■ - .220  16» 

neglect  Tx^  nj  ^x  " 2 
j.g2  ■ x2  ■ 7*18  J 


Projectile 

H,  lbs 

M.  in 

Ibe 

■f 

lb  in2 

Ip.  lb  in^ 

WC  Core 

6.970 

5.538 

2.330 

26.62 

Steel  Tail 

1.633 

5.109 

1.203 

16.58 

Steel  Sleeve 

.389 

.U68 

.399 

.71* 

Alum.  Sleeve 

.169 

.071 

.11*0 

.11* 

film.  Nose 

.037 

.188 

- 

.95 

Tracer 

.082 

.220 

mm 

.p9 

Total 

9.280 

-5.791^ 

u 

♦5.797 
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rvjlH 

U5.62 
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Nominal  calibers  2ol25"  ■ 5^1®® 

Lengths  10,25"  - Uc82U  cal 

Location  of  0.0. » 2.205"  - 1-037  cal.  from  ponetraton  baae 
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me  center  of  P«««re  (O.P.)  for  the  haaic  5 caliber  long,  3.5  cal. 
Cgire,  -.ore  Mach  3.2,  m-lccateO  2.3  cal.  frcn  the  tip  (aee  Report  Ro.  6. 
Footnote  1 a»i  Figure  1).  The  oreraiae  haae  ia  aaao«d  to  nore  the  C.P. 

.10  caL.  back,  the  proJectiU  ia  «.na»hat  -.crter  th«.  5 cal.,  for  -lich 
me  O.P.  ccrr«=tion  ia  about  .02  cal.  foruaxO  (25^  of  .073).  The  reaulting 
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C.P.  to  C.G.  distance,  as  shown  in  the  diagram 
e * o$80  cal 


Stability  S 


a2  CJ 


iiEe  Cj,' 


Cn^ 


Art«i  polar  moment  of  inertia  (axis  X-X)*  A - U.072  lb  to. 

Transverse  polar  moment  of  inertia  about  CoGo  (axis  G=0)g  B - U7.66  lb  in"^ 

(d  Ci|\ 

of  air,  f-  .0765  - .010,3  • lO’^  lb/ta3 


Diameter  d - 2.125" 


^ ^ (2,125)^  • *01*1*3  • lO”'^  • ,»33l*-  10“^  1]^ 

^-25dia/tnm  - - ih.l  inches/ra^ 


fli.072)^  ° 10^ 


1.50 


2 * U7.66  • .58  • 3*0  • .33U  • (li*.l) 
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